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Abstract
The present study forms the first report of Nematopsis sp. infection in the 
edible oyster, Crassostrea madrasensis from India. The study was carried 
out as part of a detailed pathological investigation of C. madrasensis 
along the southwest coast of India. Sporozoites of Nematopsis sp. were 
found in samples collected from two locations. Light microscopic 
observation revealed ellipsoidal oocysts measuring 16.63±2.40 µm in 
length and 11.11± 2.49 µm in width (n=30) in the connective tissues 
of gills, mantle, visceral mass and gonads. Prevalence of infection 
ranged from 11 to 27%. Apparent pathological changes included 
compression of adjacent digestive diverticulae in visceral connective 
tissue infections and presence of phagocytosed oocysts in water 
channels in the case of gill infections. With relevance to the expanding 
culture of C. madrasensis, monitoring potential pathogens of this species 
in its natural habitat is important for developing suitable health 
management packages.
Keywords: Crassostrea madrasensis, Nematopsis sp., histopathology, 
Sporozoites.
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Introduction
Crassostrea madrasensis, the Indian backwater oyster is the 
most dominant oyster species, inhabiting the estuaries, bays 
and backwaters along the south-east and south-west coasts of 
India. C. madrasensis commands good market demand and has 
evolved to the status of a candidate bivalve species for culture 
following its successful hatchery breeding and seed production. 
Presently the species contributes to about 4000 tonnes to 
the fast growing bivalve farming sector in India. The rapidly 
expanding edible oyster farming and its management points 
to the importance of information on the parasites/pathogens 
of this species which is presently very limited (Samuel, 1978; 
Bijukumar, 2001; Sanil et al., 2012; Suja et al., 2014). 
More than 30 species of Nematopsis have been reported 
so far from different geographic regions. N. ostrearum and 
N. prytherchi were reported from oyster growing areas 
along the Atlantic and Gulf coasts of USA (Winstead et 
al., 2004; Aguirre-Macedo et al., 2007) while N. mytella 
was reported from Mytella falcate, Mytella guyanensis and 
Crassostrea rizophorae from Brazil (Azevedo and Matos 
1999; Padovan et al., 2003). Nematopsis spp. was also 
reported in Perna canaliculus from New Zealand (Jones, 
1975), Cerastoderma edule and Ruditapes decussates from 
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Portugal (Azevedo and Cachola, 1992), Arcuatula arcuatula, 
Anadara granosa, Perna viridis and Paphia undulata from 
Thailand (Tuntiwaranuruk et al., 2004) and C. rhizophorae 
from Brazil (Sabry et al., 2007). Though in most cases 
Nematopsis infections are not pathogenic enough to 
lead to mortalities, cockle mortalities associated with 
Nematopsis infections have been reported from Portugal 
(Azevedo and Cachola, 1992; Azevedo and Matos, 1999). 
Available reports on Nematopsis from India are limited to 
taxonomic identification of seven new species from various 
arthropods and no information exists on the occurrence 
and pathology of Nematopsis in bivalve hosts from India. 
Previous reports on Nematopsis infections from bivalves 
have been provided in Table 1.
Table 1. Nematopsis infections reported from bivalves
Bivalve species Nematopsis species reported Location Reference
Crassostrea virginica N. prytherchi Gulf of Mexico Aguirre-Macedo et al., 2007
Crassostrea virginica N. ostrearum and N. prytherchi Florida,USA Winstead et al., 2004; 
Crassostrea corteziensis Nematopsis sp. Pacificcoast of Mexico Martinez et al., 2010.
Crassostrea rizophorae Nematopsis sp. E coast of Brazil Sabry et al., 2007
Crassostrea iredalei Nematopsis sp. Philippines Pagador, 2010
Perna canaliculus Nematopsis sp. New Zealand Jones, 1975
Modiolus barbatus Nematopsis sp. Croatia Mladineo, I. 2008
Mytella falcate and Crassostrea rizophorae N. mytella NE coast of Brazil Padovan et al.,2003
Ruditapes decussatus, R. philippinarm, R.
pullastra,R. rhomboideus,Venus verrucosa, Solen 
vagina, Mytilus galloprovincialis, Donax vittatus
Nematopsis sp. Ria De Vigo (Galicia, Spain). Soto et al., 1996
Cerastoderma edule and Ruditapes decussates Nematopsis sp. Portugal Azevedo and Cachola, 1992
Unlike most gregarine parasites, Porospora and Nematopsis 
exhibit host alteration between decapod crustaceans and 
marine pelycepods. Gymnospores released from crustaceans 
upon entering the gills and mantle of susceptible bivalves 
are engulfed by host phagocytes where they develop to 
naked sporozoites (Porospora) or monozoic oocyst having 
thick hyaline wall enclosing a vermiform sporozoite 
(Nematopsis). No multiplicative stage occurs in bivalves. 
Life-cycle is completed when these naked sporozoites or 
oocysts are ingested by decapod definitive hosts (Soto et 
al., 1996; Estevez et al., 1998). Oocyst stages of different 
species of Nematopsis usually elicit little or no host response 
in bivalve tissues. There exists conflicting reports on the 
pathology induced by Nematopsis and other gregarines 
(Canestri-Trotti et al., 2000; Estevez et al., 1998; Azevedo 
and Cachola, 1992). Increasing commercial importance of 
C. madrasensis warrants a detailed study on the 
pathogenicity of potential pathogens existing in its natural 
habitats. Thus, the present study attempts to understand 
the histopathology of Nematopsis sp., its prevalence and 
intensity in C. madrasensis from two different locations 
along the south west coast of India.
Material and methods 
Sampling and area of study
Samples of C. madrasensis were collected during dry and 
rainy seasons from the oyster beds at Dalavapuram (Kollam) 
in 2011 and Sathar Island (Kochi) in 2012 along the south 
west coast of India. Details of the study area are provided 
in Table 2. Samples were brought to the laboratory and 
maintained until dissection. 
Table 2. Site characteristics of study area. 
Location Coast Co-ordinates Bottom character Nature
Dalavapuram south west 8°56’ N 76°33’ E muddy, silty Estuary
Sathar Island south west 10°11’ N 76°11’ E muddy, silty Estuary
Histopathology
For histopathology, a transverse section of 5 mm (including gills, 
mantle and visceral mass) was made and fixed in Davidson’s 
fixative (Shaw and Battle, 1957) for 24-48 hours and processed 
following standard histological procedures. Sections (5-6 μm 
thickness) were cut using a Leica Microtome (Leica, Wetzlar, 
Germany), stained with Harris Hematoxylin and Eosin (H&E) and 
photographs were taken using a Nikon Eclipse 80 i microscope.
Prevalence was calculated using the formula (Kim et al., 
2006),
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and was limited to a maximum of eight oocysts per field. 
Hypertrophy of the infected cell was the most evident cellular 
pathology observed, and cell size increased progressively 
with oocysts numbers and reached a maximum of 96 μm in 
a single hemocyte with several oocysts (Fig.1A). Numerous 
oocysts were observed in infected digestive gland tissues 
and the pathological changes were limited to compressed 
digestive diverticulae. Compression of adjoining cells was 
also observed in the case of visceral/ connective tissue 
infections (Fig. 1 B). In the case of gill infections, phagocytes 
with oocysts were observed lodged in the water channels 
in the gill filaments (Fig.1 D). In all the above cases, 
specific host immune responses were totally absent in the 
infected tissues. Prevalence of Nematopsis infection in 
C. madrasensis at Kochi ranged from 11-21% while that at 
Kollam ranged from 15-25%. The intensity of infection along 
with morphometric details are provided in Table 3.
Discussion
The present study forms the first report of Nematopsis sp. 
infection in C. madrasensis. Species-level identification of 
Nematopsis was not possible as the other life-cycle stages like 
trophozoites and sporadins occurring in decapod definitive 
host were not obtained.
A perusal of literature shows that different opinions exist 
on the prevalence and pathogenicity of Nematopsis sp. 
infections and related immune responses in bivalves. 
Usually, infected bivalves exhibit no host reaction and 
immune responses if any, are limited to focal, benign 
inflammation without any significant pathological 
changes (Sinderman, 1990; Bower et al., 1994; Boehs 
et al., 2010; Darriba et al., 2010). However, Estevez et 
al. (1998) observed hypertrophy of infected cells and 
different degrees of tissue damage associated with high 
intensity Nematopsis infections leading to mechanical 
interference in host’s physiological activities like food 
intake and gaseous exchange in bivalves from Spain. 
Similarly, Mladineo (2008) also observed tissue disruption, 
connective tissue cell hypertrophy with eccentrically 
displaced nuclei and light hemocytic infiltration in Modiolus 
barbatus. Azevedo and Cachola (1992) observed complete 
destruction of Nematopsis infected gill tissues in the cockle 
Prevalence = Number of hosts with parasite or pathogen
Number of hosts analyzed
Infection intensity was calculated using the formula (Kim et 
al., 2006),
Infection intensity = total number of occurrences of 
   parasite or pathogen 
Number of hosts with parasite or pathogen
Results
Histological examination of oyster samples collected from 
Kochi and Kollam revealed intra-haemocytic, ellipsoidal, 
monozoic oocysts with a thick hyaline wall, characteristic 
to Nematopsis sp. Oocyst (s) were observed within the 
parasitophorous vacuole inside the phagocyte, either in 
isolation or aggregated in cluster with more than two 
oocysts per hemocyte. Each oocyst contained a single, 
vermiform, sporozoite and measured 16.63±2.40 μm 
(range11.68- 20.01μm) in length and 11.11± 2.49 μm 
(range 7.39- 14.39 μm) in width (n=30). Oocysts were 
observed in the connective tissue of gills, mantle, visceral 
mass and gonads (Fig.1 A - D). Infection intensity was low 
Fig.1. Histopathology of Nematopsis sp. infecting C. madrasensis (H&E 
stained). A. Phagocyte (PC) with Nematopsis sp. oocysts (OC) located in 
host connective tissue between digestive tubules. Oocysts are enclosed 
in parasitophorous vacuoles (PV), vermiform sporozoite (SZ) are seen 
inside the oocyst. B. Phagocyte within connective tissue of mantle; 
arrowheads indicate compression of cells. C. oocysts in male gonadal tissue 
D. An infected phagocyte within the gill lumen.
Table 3. Number (N) and biometric details of host analysed per sample, Prevalence (P) and intensity (I) values of Nematopsis sp. infection in C. madrasensis collected during dry 
and wet seasons from two locations.
location Season N Mean shell L(mm)±SD Mean tissue wet wt(g) ±SD Mean CI±SD P(%) I
Kochi
Dry 18 73±10.4 4.53±2.04 9.3±2.5 11 1.50
Wet 28 79.9±7.2 5.36±1.20 10.5±2.8 21 2.00
Kollam
Dry 20 80.6±13.30 4.12±2.70 6.8±2.9 25 4.60
Wet 20 64.7±6.6 4.97±1.54 16.4±3.6 15 2.30
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Cerastoderma edule from Portugal and associated the 
mortalities with Nematopsis infection. Tutiwaranuruk et 
al., 2004 also observed heavy infections in gills of Perna 
viridis which resulted in complete occlusion of gill lumina 
with oocysts. In the present study, encysted Nematopsis 
sp. sporozoites were observed within the phagocytes of 
infected host tissues. Pathological indications observed in 
the present study are in agreement with the observations 
reported by Estevez et al. (1998), Tutiwaranuruk et al. 
(2004), Mladineo (2008) and Martinez et al. (2010).
Condition index values of the infected samples exhibited 
no significant deviation from the normal values which 
indicates that at the present level of infection intensity, the 
physiology of the host is not compromised.
Further, in the present study, the intensity of infection and 
prevalence was low and apparent immune responses were 
totally absent and these observations are in accordance with 
the previous reports on Nematopsis sp. infections in oysters 
(Boehs et al., 2010; Darriba et al., 2010). Martinez et al. 
(2010) have also reported Nematopsis infections occurring in 
the pleasure oyster, with compression of adjacent cells and 
disruption of the connective tissue in heavy infections but 
with little immune response or pathology. It has also been 
reported that defense mechanisms of oyster can gradually 
eliminate Nematopsis form its tissues (Bower et al., 1994; 
Aguirre-Macedo et al., 2007).
Azevedo and Cachola (1992) observed very high prevalence 
(82%) of Nematopsis in cockle causing complete destruction 
of infected gill cells, while the clam, Ruditapes decussatus 
collected from same region and period showed very low 
prevalence (8%). Studies by Soto et al. (1996) also showed 
similar results with prevalence varying from 14-100% in 
different bivalve species from Spain. Thus it seems that 
there exists strong host specificity for Nematopsis and 
the associated pathology may vary with host type and 
location. Prevalence of Nematopsis infection in bivalves 
from any location depends on the abundance of definitive 
host in the habitat (Darriba et al., 2010; Boehs et al., 
2010). Though various species of decapod crustaceans, the 
natural definitive hosts for Nematopsis sp. are present in 
the study area, the low prevalence and intensity recorded 
in the present study can be attributed to the lack of infected 
definitive hosts.
In view of the increasing culture potential of C. madrasensis, 
monitoring potential pathogens/parasites of this species in 
its natural habitat is important. The present study provides 
information on the histopathology and prevalence of 
Nematopsis sp. in C. madrasensis. Though low prevalence 
and intensity of infections with Nematopsis sp. may not 
affect the general health and physiology of the oysters, 
heavy infections may reduce the productivity in culture 
systems.
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